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Outline

• Lyapunov Analysis for Linearized systems

• Indirect Lyapunov’s Method

• Small-gain theorem 

• Circle Criterion (the point -1/k is replaced by a cycle)



Lyapunov analysis for Linear systems

To check stability:

or



Lyapunov analysis for Linear systems



Lyapunov’s indirect method 



Lyapunov’s indirect method 



Feedback form where the nonlinearity is in a 
block



Sector nonlinearity 



Signal norms and spaces

Equivalent expression in frequency domain 



Gain of a system 

Stable Linear System

Static Nonlinearity  

Static linear relation



The Small-Gain Theorem 



Small-Gain Theorem is conservative



Nyquist criterion

• Given a stable open loop system, the closed loop is

stable if the Nyquist plot of the open loop system does

not encircle the point (-1/k,0) in the clockwise direction.

•



Circle criterion 



Circle criterion – Example 1 

1) Find the sector

2) Apply Circle Criterion depending on the sector



Circle criterion – Example 2 

1) Find the sector

2) Apply Circle Criterion depending on the sector



Circle criterion – Example 3  

1) Find the sector

2) Apply Circle Criterion depending on the sector




